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PREFACE

This Note presents one of seven case studies developed as part of the Project AIR
FORCE study *Managing Risks in Weapon Systems Development Projects,” which has
developed case studies on the level, distribution, and risk in the range of major Air Force
development programs conducted primarily during the 1980s. Notes based on those case
studies offer concise descriptions and analyses of the policies used by the Air Force to
manage and distribute risk. They are aimed primarily at high-level government officials
concerned with the management of research and development, including senior Air Force
staff, senior Department of Defense (DoD) officials, and congressional staff. The Notes
should also be useful to policy analysts concerned with the management of large-scale
research and development, especially in DoD.

This Note examines risks associated with the program used to develop a derivative
fighter, the F-16C/D. That fighter uses as subsystems many of the other systems studied in
this project. This Note examines the risks associated with integrating those systems into the
F-16C/D. The derivative development described here has important implications for future
policies that could place greater emphasis on such development to facilitate quick and
flexible responses to unexpected changes in a diffuse threat. Information is current as of
summer 1991,

Other Notes written in this project include the following:

e S.J. Bodilly, Case Study of Risk Management in the USAF B-1B Bomber
Program, RAND, N-3616-AF, 1993.
¢  8.J. Bodilly, Case Study of Risk Management in the USAF LANTIRN Program,
RAND, N-3617-AF, 1993.
e F.Camm, The Development of the F100-PW-220 and F110-GE-100 Engines: A
Case Study of Risk Assessment and Risk Management, RAND, N-3618-AF, 1993.
* K R. Mayer, The Development of the Advanced Medium Range Air-to-Air Missile:
A Case Study of Risk and Reward in Weapon System Acquisition, RAND, N-3620-
AF, forthcoming.
Two related unpublished papers have been written by T. J. Webb on risk management
during the development of the Global Positioning System Block I satellite and risk
management in preparing for development of the Joint Surveillance Target Attack Radar
System (Joint STARS). A summary of these Notes and papers and the policy conclusions
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based on them is found in T. K. Glennan et al., Barriers to Managing Risk in Large-Scale
Weapon System Development Programs, RAND, MR-248-AF, forthcoming.

The Air Force sponsor for the study is the Deputy Assistant Secretary of the Air Force
(Contracting) (SAF/AQC). The work has been conducted in the Resource Management

Program of Project AIR FORCE. The principal investigator at RAND is Dr. Thomas K.
Glennan.




ot S IO .

The F-16 Multinational Staged Improvement Program (MSIP) is the development
program that the F-16 program has used to move beyond the F-16A/B. Its primary product
has been the F-16C/D, an aircraft whose design evolves over time as new technological
capabilities become available or attractive to incorporate in its design. MSIP is the program
that F-16C/D developers have used to introduce these capabilities over time. The prime
contractor for the F-16, General Dynamics, and the F-16 System Program Office (SPO)
formally initiated the program in 1980. It continues today.

MSIP provides a derivative approach to development, an approach the Air Force may
want to use more broadly in the future for several reasons. The environment in which the
Air Force does business is changing rapidly. The external threat that it must engage is far
less well defined than it had been in the past and is likely to change fairly rapidly over time.
The Air Force will not have the resources it has today to face such an uncertain threat. A
development process that allows fairly rapid response to changes in threat at a moderate cost
would appear to be very attractive. MSIP offers such a process.

This study examines MSIP, giving special attention to means of assessing and
managing the risks associated with system development. It is one of seven case studies
conducted by RAND for the Air Force to examine the Air Force’s management of risk in
development programs during the 1980s. Other case studies address the Alternate Fighter
Engine, AMRAAM, B-1B, Global Positioning System (GPS), JSTARS, and LANTIRN
systems. MSIP has integrated a number of these subsystems into the F-16C/D.

When we speak of risk, we mean a situation in which a manager can be surprised in a
negative way. The higher the probability of a negative cutcome from an activity is, the
riskier that activity is. Development managers clearly try to limit the probability of negative
outcomes from their highly uncertain development efforts. Development programs effectively
set a number of minimum acceptable outcomes relating to system performance and the cost
and schedule of the development. Over the course of a development, its managers attempt to
eliminate the poseibility that the minimum outcomes will not be met. In this sense, their
management of risk is difficult to distinguish from their management of development in
general. Development managers do not make a strong distinction. Hence, this study views
risk assessment and risk management in rather broad terms.

MSIP is called “multinational” because it includes the European Participating
Governments (EPG)—Belgium, Denmark, The Netherlands, and Norway—in planning and
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decisionmaking. In this process, the United States is the dominant partner. For the most
part, MSIP has developed new versions of the F-16C/D for the U.S. Air Force and then
offered variations to the EPG and to other foreign air forces not represented in the process.
This approach limits both risks associated with setting new system specifications and risks
associated with implementing designs for foreign air forces. It also affirms the U.S. Air
Force's strong continuing interest in the F-16C/D, assuring foreign governments that the
U.8S. Air Force will continue to support the aircraft designs they buy.

MSIP is called “staged” because it incorporates new capabilities in increments. It is an
approach that allows MSIP to incorporate new capabilities in the F-16C/D as technology or
requirements change; to use a retrofit program to control production costs (MSIP
incorporates provisions in aircraft produced in an early stage that reduce the cost of
retrofitting subsystems that will be incorporated in aircraft produced in a later stage); and to
resolve the risks associated with the subsystems integrated during one stage before moving
on to engage the risks associated with subsystems to be integrated in the next stage. The
program was initially conceived with three stages. General Dynamics proposed a fourth
stage to implement a follow-on to the F-16C/D; it was rejected in 1989.

MSIP is essentially a management device for coordinating many concurrent efforts to
integrate subsystems with one another and an F-16 airframe. That is, in each stage, new
designs of the F-16C/D are conceived that integrate many new subsystems to create a
coherent aircraft with new combat capabilities. To do so, MSIP relies on the F-16 Falcon
Century program to survey new capabilities and consider matches of technological
capabilities and missions that might be used to define new aircraft designs. When it
discovers a new subsystem program that might be attractive to integrate in the future, MSIP
establishes a relationship with the program as early as possible. MSIP works with the
program to provide test assets, influence design specifications that affect the subsystem’s
compatibility with the F-16, and ultimately coordinate the integration of the subsystem with
the other subsystems that it will join in a new F-16C/D design.

To this integration task, MSIP brings a test-analyze-fix approach, which emphasizes
the need for extensive, iterative testing to yield quickly empirical information on problems.
As the process reveals integration problems, MSIP developers can analyze and fix them and
then test again for success of fix. When it attempts to integrate many subsystems at once,
this approach is demanding because subsystem integrations proceed at different rates. It is
difficult to maintain an up-to-date and coherent configuration against which to test
simuitaneously each of the subsystems being integrated. To support the test effort, MSIP
has employed a Systems Integration Laboratory and F-16C/D simulator at General
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Dynamics to great effect. But the process is still challenging. MSIP managers expected that
the greatest risk in their program would arise from problems associated with integrating
many subsystems at once, and they were right.

MSIP, then, presents a program in which planners can anticipate that many changes
will occur in the future. Some changes will occur simply because the program is developing
new aircraft designs for implementation. Others will occur because the planned integrations
do not proceed as expected. To prepare for such changes, MSIP has done two important
things. First, it has established a flexible management strategy and contractual
environment that plan for change to occur and respond to individual changes as they occur.
The strategy and contractual environment affect the F-16 SPO, General Dynamics, all the
SPOs and prime contractors associated with subsystems being integrated through MSIP, and
the many test facilities that support MSIP efforts. They focus as much on establishing and
maintaining good relationships among these organizations as they do on controlling
individual changes. Second, MSIP has assembled an experienced management staff to
handle changes as they occur. Staff quality is more important to MSIP than it is to more
traditional developments precisely because its flexibility cannot be effective unless MSIP
managers respond effectively as MSIP’s development tasks change over time.

While MSIP has overseen the F-16C/D program’s development activities, a series of
three multiyear production contracts have governed its production activities. Those
contracts signal a strong consensus between the Congress and Air Force, both approvers of
the contracts, that the F-16 program would remain healthy and continue in a fairly
predictable way. Such consensus must have relieved MSIP managers about one major risk
that developers must typically address—the risk that their programs will not continue.
MSIP managers could presumably give greater attention to other risks associated with
developing the F-16C/D.

Although a derivative development program, MSIP has incurred substantial costs:
about $1 billion to date. But it has successfully handled the risks associated with
sophisticated new capabilities. In particular, it has successfully managed the risks
associated with integrating many subsystems at once. Its ability to do so allows it to design
and implement new variations on the F-16 quickly. MSIP has successfully fielded a series of
effective F-16C/D designs. It has also set the stage for developing F-16 variations outside the
F-16C/D program.

In the end, MSIP is as much a general approach to system development as it is a
formal F-16 program. The F-16 program has used this general approach to upgrade the
F-16A/B fleet, extend the F-16C/D over time, and design new F-16 variations based on the
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two basic designs. Such variations include an enhanced air defense fighter for the Air
National Guard, a new reconnaissance aircraft, an aircraft that emulates Soviet fighters for
the Navy, and the potential for a new aircraft to provide close air support. For each
variation, the F-16 program has selected subsystems like those used in MSIP and integrated
them using methods similar to those used in MSIP. For each, the F-16 program generated a
design and implemented it quickly at a reasonable cost. Such a capability could prove useful
in the future on a broader basis, outside the F-16 program, to enhance the Air Force's ability

to adjust to a changing world.
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A-16
ACIU

AFOTEC
AFSC

AGM-65D
AIBU

ALQ-131
ALR-74

ASD
ASPJ
ATA
ATDL
ATF

ATHS
BPS

cCp

GLOSSARY

A variant of the F-16C/D proposed as a CAS aircraft.

Advanced control interface unit, a device developed as a result of problems
identified during MSIP to facilitate the integration of the AMRAAM with other
gystems.

Air Defense Fighter, a variation of the F-16 developed using an approach like
that in MSIP.

Alternate Fighter Engines, F100-PW-220 and F110-GE-100, developed to
compete with one another on a continuing basis as engines for the F-16 and
F-15.

Air Force Flight Test Center at Edwards Air Force Base. Home of the F-16 and
LANTIRN combined test forces.

Air Force Operational Test and Evaluation Command.

Air Force Systems Command, parent command for the F-16 SPO.

Advanced Fighter Technology Integration program, a development program for
testing advanced subsystems in an F-16 testbed.

Maverick air-to-ground missile.

Advanced interference blanking unit, a device developed as a result of problems
identified during MSIP, to mitigate eleciromagnetic incompatibilities among
F-16 subsystems.

An electronic warfare pod considered as an alternative to ASPJ.

The initial radar warning receiver considered for MSIP. Later replaced, as a
result of MSIP activities, by the ALR-56M.

Advanced medium range air-to-air missile, a critical element in the Block 40
upgrade.

The fire-control radar used in a series of variations in MSIP. It began as the
improved or advanced APG-66 and then evolved into the APG-68M, a lower
cost version, and APG-68V, a more reliable version.

Aeronautical Systems Division, the immediate parent organization for the F-16
SPO.

Airborne self-protection jammer, a key element of MSIP that never worked as
expected.

Advanced terrain avoidance, a capability developed during MSIP to enhance
LANTIRN'’s capability to support low-altitude flight.

Adaptive target data link, a system developed in response to problems
identified during MSIP to integrate GPS, PLSS, and JSTARS.

Advanced tactical fighter.

Automatic target hand-off system.

Battery power supply.

Combined altitude radar altimeter, a key subsystem integrated during MSIP.
Close air support, a combat function served by a series of proposed F-16
variants.

Contract-change proposal, the principal management device used to organize
and control new development and integration tasks under MSIP.




CEB

CNI
DFLCS
DMT

DoD
ECP

E2GS
EJS
EPA

F-16A/B
F-16ADF
F-16C/D
F-16N
FANG

FSD
FSX
FYDP

GPS

JSTARS

- xviii -

Common or configured engine bay, a device developed as a response to
problems identified during MSIP, to enable the F-16C/D to accept easily either
AFE engine.

Communications/Navigation/Identification system.

Combined test forces.

Digital flight control system, a critical system introduced during MSIP and
central to realization of LANTIRN-related capabilities.

Dual-mode transmitter, a line replaceable unit in the APG-68 that experienced
serious, unexpected development and producibility problems.

Department of Defense.

Engineering-change proposal, the principal management device used to
transform capabilities developed through CCPs into actual capabilities
incorporated on production aircraft.

Enhanced envelope gun sight.

Enhanced JTIDS.

Economic price adjustment clauses.

European Participating Governments of Belgium, Denmark, The Netherlands,
and Norway.

The first production version of the F-16, upon which the F-16C/D is based.

An air defense version of the F-16 developed as an upgrade of the F-16A/B.
The version of the F-18 developed during MSIP.

A version of the F-16 developed for the Navy to emulate Soviet fighters.

Fast Action Negotiating Group procedure, established by CCP 9101 as means
of quickly definitizing all contract changes under $10 million.

Forward inlet module, a device developed as a response to problems identified
in MSIP to customize airflow for the AFE engines used in the F-16.
Forward-looking infrared sensor, the basic sensor technology embodied in
LANTIRN.

Fixed-price incentive contract, the key type of contract for MSIP.

Full-scale development.

A new Mitsubishi fighter derived in part from the F-16C/D.

Fiscal-year defense plan, a DoD document specifying expected future resource
flows for defense systems and activities.

Global Positioning System, a device introduced during MSIP to enhance
navigation and other location-related activities.

High-speed antiradiation missile.

Head-up display, a display introduced during MSIP to show FLIR images and
data on the status of the aircraft, its stores, and its targets.

Identification, friend-or-foe system.

Initial operational capability.

Integrated System Performance Responsibility, a contractual device assigning
specific integration responsibilities to the prime contractor, General Dynamics.
Joint program office.

Joint system program office.

Joint surveillance, target acquisition, and reconnaissance system, an airborne
radar sensor that could potentially communicate with an F-16 through the
ATDL developed during MSIP.

Joint Tactical Information Distribution System.
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LAU-129
MCID

MFTBMA

MSIP

OSD
PLSS

PSP
RDT&E
RF-16
SAFPAR
SIL

SOL
SPO

TA

TAC

TAF

WAC
WAR

YPA

Low Altitude Navigation and Targeting Infrared at Night system, a sensor and
laser designator around which MSIP built its Block 40 design.

The final modular rail launcher developed for the AMRAAM.

Modular common inlet duct, a device developed in response to problems
identified during MSIP, to facilitate customizing air flow to the AFE engines.
Mean flight time between maintenance actions, a logistics measure relevant to
the development of the APG-68(V).

Multinational Staged Improvement Program, the program responsible for
developing the F-16C/D.

Not to exceed, a contractual term that, during the period before the task is
definitized, defines the maximum amount that a contractor can spend on the
task.

Operational Capability Upgrade, a counterpart to MSIP that develops and
implements upgrade programs for the F-16A/B.

Office of the Secretary of Defense.

Precision location strike system, a sensor initially sc’ - luled for integration
though MSIP, but later dropped.

Programmable signal processor, a key line replaceable unit in the APG-68 that
caused serious development problems during MSIP.

Quality assurance.

Research, development, test, and evaluation, a DoD funding category.

A reconnaissance variation of the F-16 design to carry a conformal, centerline
sensor pod.

Secretary of the Air Force program assessment report, a regular, periodic
briefing to the secretary on the state of a program.

Systems Integration Laboratory, a development resource at General Dynamics
that has played a key role in MSIP.

Statute of limitations.

System program office.

Test article.

Tactical Air Command, the principal user of F-16s in the U.S. Air Force and the
principal incremental source of test aircraft.

Test-analyze-fix, an iterative approach to development that places heavy
emphasis on repeated development of empirical measures on systems in
development.

To be determined.

Test and evaluation master plan.

Very high frequency.

Very high-speed integrated circuits, an advanced form of microelectronic
technology.

Vehicle navigation system, a subsystem in PLSS that provided the baais for the
ATDL.

Wide-angle conventional, a type of HUD.

Wide-angle raster, a type of HUD.

F-16 SPO.

F-16 directorate of acquisition planning, closed during MSIP.

F-16 directorate of configuration management.
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F-16 directorate of deployment and test and later development and integration;
under the latter name, responsible for managing MSIP.

F-16 directorate of engineering, the principal functional office supporting
MSIP.

F-16 directorate of test and deployment, created during MSIP.

F-16 directorate of contracting.

F-16 directorate of logistics planning and later, when integrated with YPA, of
F-16 directorate of manufacturing and later of manufacturing/qualit_
assurance,

F-16 directorate of operations management.

F-16 directorate of program control.

F-16 directorate of projects and later of development programs; under the latter
name, responsible for managing MSIP until integrated into YPD.

F-16 directorate of system safety.

F-16 directorate of multinational programs.




1. INTRODUCTION

Risk management is a central part of programs to develop new technology. By its very
nature, the development of new technology requires identification and reduction of
uncertainties about a product’s performance to the point where the product can be successful
in actual use. Potential risks stem from, among other things, the nature of the continuing
demand for the services provided by the new product, the ability of the product to provide
such services when it is mature encugh to produce, and the ability of developers to achieve
timely and cost-effective system maturity.

For weapon system developments, risk management can be approached in many ways.
A derivative approach allows 2 weapon system to evolve over time, incorporating new
technological capabilities as they present themselves or as new system requirements emerge.
Such an approach limits the “jumps” that can occur in capabilities, but it also enables fairly
quick, low-risk adoption of changes once it becomes clear that change is desirable. By
limiting risk, it also limits the cost of developing such an improvement. Whereas a
mainstream development might easily require 10 to 15 years to move from a concept to an
operable system in the field and cost billions of dollars, a derivative development can field
selected capabilities in a fraction of that time for a fraction of that cost.

A development approach that can respond quickly to change, for a reasonable cost, is
likely to become more important in the near future. Declining real defense budgets will limit
the resources available to develop and produce new weapon systems. And the exact nature of
the threat will be more elusive than it has been. The threat is likely to change over time as
the situation changes. Because such a development approach is designed to deal with
continuing change, it is also likely to offer atiractive, more general insights into risk
management in the development of new technologies.

With these perspectives in mind, this Note examines the approach used to upgrade the
F-16 fighter over time as new technological capabilities have become available and as new
threats have presented themselves. The multimission, multinational fighter, the F-16
Fighting Falcon, completed its initial full-scale-development (FSD) effort and achieved initial
operational capability (I0C) in the U.S. Air Force in 1979.! Since then, this General
Dynamics aircraft program has continued to upgrade the F-16 and has used it as the basis
for a series of models specially tailored to a variety of separate missions and the needs of 19

1U.8. Air Force, Asronautical Systems Division, F-16 System Program Office, “Management
Information Notsbook,” Wright-Patterson Air Force Base, Ohio, 30 April 1984.
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individual nations. As a result, the program has prospered. By 1990, it was committed to
producing almost 2,500 aircraft for the U.S. Air Force and Navy and 1,300 aircraft for other
governments.?

Much of the sircraft’s continuing success can be attributed specifically to its ability to
mature over time as technologies and threats change. Over the last decade, General
Dynamics has performed a variety of development activities that maintain the flexibility of
this fighter and continue its maturation. This Note examines the central development
activity during the 1980s, the Multinational Staged Improvement Program (MSIP). This
activity is responsible primarily for developing the modifications of the F-16A/B that led to
the higher-performance F-16C/D in the mid-1980s.2 It continues to this day as more capable
F-16C/Ds emerge from development.

The approach to managing MSIP used by the U.S. Air Force and General Dynamics
illustrates their more general approach to developing derivative aircraft from an established
and successful design. Hence, it offers lessons about how such development might occur
elsewhere in the future. This Note focuses on a development program that has generally
been viewed as highly successful in the hope that it can offer lessons for managing the risks
of system development as the world situation continues to change.

THE F-16 MULTINATIONAL STAGED IMPROVEMENT PROGRAM .
To begin, let us review briefly what MSIP is. Section 5 will return to this question in
greater detail. MSIP is a development plan managed by the U.S. Air Force, Aeronautical
Systems Division F-16 System Program Office (F-16 SPO), and General Dynamics to
coordinate improvements added to the F-16 over time. It began formally in 1980 as an effort
to synchronize the introduction of a series of enhancements to the F-16 as new capabilities
became available to be incorporated on the platform. At that time, an F-16 SPO official said:

Looking ahead, two major factors will dominate the future course of the F-16 program:
MSIP and the realization of foreign military sales. These two factors directly impinge on
the length of the production run and thereby determine the lifespan of the F-16
program. ¢

3General Dynamics, 1990.

¥The A and C models have only one pilot. The B and D models facilitate training by providing
spacs for two pilots. Otherwiss, the A and B models are very close to being functionally equivalent, as
are the C and D models.

4U.8. Air Force, Asronautical Systems Division F-16 SPO, “Semiannual Historical Report, 1
July-31 December 1980," Wright-Patterson Air Force Base, Ohio.
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Two considerations were important in the design of MSIP: compatibility of
capabilities and planning for potential new systems. The first consideration, to ensure that
new capabilities were compatible with one another, required compatibility chacks at all
levels. At the simplest level, all components anticipated on the aircraft had to fit and had to
be compatible with the airframe’s basic serodynamics. Computers, radars, jammers, and
weapons had to work together to ensure their effective incorporation on new weaponry. New
components also had to avoid interfering with one another’s electromagnetic frequencies.
Cockpit controls and displays were needed for each new capability; even as the aircraft
became complex, controls and displays had to remain as simple as possible to avoid
overwhelming the aircraft’s single pilot. And the aircraft had to provide adequate power and
environmental-control services to support all new systems and adequate thrust to lift those
new systems into combat.

Second, installation of the structure and wiring to support the new systems could be
cheaper if it were done during the manufacture of an airframe rather than being retrofitted
when a capability became available. This insight suggested introducing so-called Group A
provisions on new aircraft, which were basically wiring and structures to support Group B
hardware and software that would be installed in new aircraft and retrofit into aircraft with
the appropriate Group A fittings. Designers had to weigh against the potential savings the
possibility that, for technical or budget reasons, Group B add-ons might not occur in the
future and, even if they did, the added weight of Group A provisions would impede aircraft
performance until Group B provisions were added.

That is, MSIP has essentially been a development program aimed at incorporating
many disparate capabilities in a coherent way. Whereas development as separate, modular
systems is the key to the new capabilities, integrating such modules and incorporating them
into the production of new F-16s to realize their capabilities is the key to MSIP. Although
MSIP planning and testing activities for a particular component typically occur in parallel
with the full-scale development and final product verification for that component, MSIP
remains distinct from the latter, subsystem-specific activities. MSIP focuses on integration.
Even when integration activities reveal the need for new capabilities in a component or for
new components, development activities relevant to subsystem-specific activities generally
remain separate. Distinguishing MSIP from the individual development programs is often
difficult, particularly when the F-16 SPO provides aircraft as testbeds for new technologies
and other inputs into individual developments meant to enhance integration in the future.
But the distinction is important and real.
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The distinction is clarified by stating that the F-16 SPO and General Dynamics
organize their integration activities around blocks of new aircraft. Each block of aircraft has
an identifiable constellation of systems that must be integrated. Blocks 5, 10, and 16
involved improvements in the reliability, supportability, and producibility of the F-16A/B
design. Blocks 25, 30/32, 40/42, 50/52, and higher involved extensive enough changes to call
for a designation change from F-16A/B to F-16C/D.5 The systems to be included in a block
change over time as more information accumulates about their availability and capability.
The F-16 SPO and General Dynamics have created an extremely flexible management
environment in which contract-change proposals constantly adjust the MSIP activities
associated with new systems, and engineering-change proposals incorporate the new systems
in new F-16s or retrofit them in existing F-16s as MSIP completes its integration tasks.

MSIP conceived blocks from Block 15 and higher as part of a three-stage program,
accounting for the name, MSIP. Table 1.1 summarizes these stages as they were described
in 1990; as noted above, they changed somewhat as MSIP proceeded.

Stage I required little development or design and called primarily for the installation
of new structures and wiring in Block 15. Such installation was achieved primarily through
a single engineering-change proposal. The second and third stages required new contracts,
and many contract- and engineering-change proposals. Stage II incorporated improved radar
and engines, enhanced munition capabilities, and power and cooling capabilities to
accommodate future changes in Blocks 25 and 30/32. This stage initiated the development of
the F-16C/D per se. Stage III built a new kind of fighter around the night/all-weather
capabilities allowed by LANTIRN in Block 40/42. It added many advances in avionics and
new engines in Block 50/52, which is not to use the LANTIRN system. As new capabilities
are added to new blocks of production, many will also be retrofitted into blocks of existing
aircraft.

These stages are useful as planning constructs; however, administration of the
changes made possible through MSIP has focused on the specific blocks of aircraft involved.
As a result, for most of its history, MSIP has included activities managed by more than one
program office in the F-16 SPO. And budgets that distinguish MSIP from non-MSIP
activities are difficult to define.

"~ SBlocks 30 and 32 differ only in their engines: Whereas Block 30 uses the General Electric
F110-GE-100 engine, Block 32 uses the Pratt and Whitney F100-PW-220 engine. The same applies to

Blocks 40/42 and 50/52. Block names changed over the course of MSIP. For example, Blocks 40/42 and
50/52 were initially known as Blocks 30G and 30P.
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Table 1.1
Basic Stages of the Multinational Staged Improvement Program

Stage (Date®) _ Block Major Changes Included

Stage I (1980) Block 15 Structure and wiring provisions for future systems
Increased-area horizontal tail

Stage I1(1981)  Block 25 AGM-85D Maverick APG-68 fire-control radar
Enhanced avionics and cockpit

Wide-angle conventional head-up display (HUD)
Increased-capacity electrical power and cooling

Block 30/32 AMRAAM provisions
Shrike
Alternate Fighter Engines (AFE) with configured engine
bay (CEB)
Memory expansion
Seal-bond tanks

Stage IT1 (1985) Block 40/42 Low Altitude Navigation and Targeting Infrared for Night

(LANTIRN) pods
LANTIRN HUD
Global Positioning System (GPS)
High-speed Antiradiation Missile (HARM) II
APG-68YV fire control radar
Expanded computers
Digital flight control system (DFLCS)
Automatic Terrain Following

Block 50/52 Additional changes in weapons, radars and other avionics,
cockpit, engines, and reliability and maintainability

SOURCE: General Dynamics, 1990, pp. 28, 85.
SDate when development and integration for the stage began.

Throughout MSIP, the U.S. Air Force has coordinated development, integration, and
production incorporation planning with the so-called European Participating Governments
(EPQG) of Belgium, Denmark, The Netherlands, and Norway, which were involved in the
multinational F-16A/B program. A quick review of the relative numbers of aircraft procured
by these governments (527) and the United States (2485) reveals that the United States has
been the dominant partner in this effort, which has been true throughout MSIP.
Nonetheless, MSIP has proceeded on the understanding that the participating governments
would probably want access to the capabilities being developed and that much of the work
required to produce the F-16C/Ds, resulting from MSIP, would in fact be performed by
companies located in those countries. Hence, although U.S. Air Force priorities have
dominated MSIP from the beginning, multinational participation in the program has also
been important.

What began as a formal three-stage plan has, more and more, become viewed as
almost synonymous with continuing development efforts for the F-16, more an approach to
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development, integration, and production incorporation than a formal program in its own
right. So it is not surprising that when the Air Force began to contemplate further changes
radical enough to call for another designation change to an F-16E from an F-16C/D, many
began to refer to the development program for the Agile Falcon follow-on to the F-16C/D as
MSIP IV, the fourth stage of the continuing development program. As events unfolded,
efforts to initiate this new activity failed.

But MSIP itself continues as the F-16C/D continues to mature in new capabilities that
can be installed on new aircraft or retrofit on existing F-16C/Ds. Viewed more broadly, MSIP
epitomizes the development of other aircraft derived from the F-16, efforts to retrofit existing
F-16A/Bs to incorporate new capabilities, and efforts to customize aircraft for the needs of the
many non-U.S. governments that continue to buy new F-16A/Bs and F-16C/Ds.

ANALYTIC APPROACH

MSIP, then, is a structured means of coordinating the introduction of many new
capabilities—the general approach itself, a top-down entity that transcends the individual
components managed by MSIP. Viewed from the bottom up, MSIP is simply the sum of the
myriad improvements. We can understand the success of MSIP only by understanding each
improvement and its incorporation in the F-16 through MSIP. In fact, both top-down and
bottom-up perspectives are valid; they simply offer different ways to look at the way MSIP
works. Both perspectives are reflected in this document. The material presented here is
based primarily on management documents and historical reports prepared by General
Dynamics and the F-16 SPO during the period and on interviews with individuals associated
with MSIP during the 1980s.

The Note focuses almost entirely on events and circumstances within the program
and, in particular, on events and circumstances relevant to U.S. versions of the F-16.
Further work is needed to examine the external circumstances—in the Air Force and the
contractors most directly involved in the development—in which this development proceeded
and the international dimensions of the development; time and resource constraints did not
permit us to examine these topics carefully in this study.

Following a brief description of our approach to risk and risk management, in Section
2, Section 3 describes the F-16 SPO and explains the SPO’s management of MSIP over the
past 10 yoars. As MSIP proceeded, the SPO reorganized to reflect the growing maturity of
the F-16C/D; Section 3 discusses these changes as well. Section 4 explains in greater detail
the F-16 development program during the 1980s, when MSIP was active. It emphasizes that
MSIP operated in a broader setting and that it exemplifies the type of development activities
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occurring elsewhere in the SPO. Then Section 5 describes MSIP itself in greater detail,
explaining the major technological changes it has effected, the management strategy it has
used to effect those changes, and the contracts used by the F-16 SPO and General Dynamics
to govern their relationship during MSIP. These sections provide what is essentially a top-
down discussion of MSIP, treating it as a unified process that is greater than the sum of its
parts.

The Appendix adopts a view from the bottom by describing six subsystems introduced
in MSIP 11 and I1I and using them to illustrate important aspects of MSIP and its
management of risk. Table 1.2 summarizes pertinent information about these subsystems.
Each subsystem has a distinctive, and sometimes turbulent, development history separate
from MSIP.® Each system was prominent in the concerns of the managers responsible for
MSIP. As Table 1.2 shows, the subsystems also span a range of factors relevant to MSIP:
the major functional capabilities represented in MSIP—cockpit, avionics, munitions, and
other major components—and three blocks of MSIP Stages II and III, changes in two
components across blocks help illustrate the degree of flexibility in MSIP. The F-16 SPO
oversaw the development of some but not most of the changes. All but one are important

Table 1.2
Selected Subsystems Studied in Greater Detail

Government or
Block Contractor

Subsystem Type of System Introduced Developing SPO Furnished
APG-68 fire-control Avionics 25,40 F-16 Government
radar
AMRAAM and Munition 30 AMRAAM, F-16®* Government
launcher
LANTIRN pods External avionics 40 LANTIRN Government
Head-up display  Cockpit display 30,40¢ F-16 Contractord
(HUD)
Global Positioning Avionics 40 GPS Government
System (GPS)
Alternate Fighter Propulsion 30 Propulsion, Government
Engine (AFE) F-16*

*Improved version (V) of APG-88 introduced at Block 40.

bF.16 SPO oversaw redesign of launcher.

“C/D HUD introduced st Block 80, LANTIRN HUD at Block 40.
9Changed to contractor furnished during MSIP to facilitate integration.
*F-16 SPO oversaw development of common or configured engine bay.

SFor more detail on the AMRAAM, LANTIRN, GPS, and engine programs, see this Note's
companion cage studies.
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enough to be government furnished. The exception was changed from government- to
contractor-provided equipment to promote the integration task of MSIP. In sum, we cannot
say that these examples tell all of the stories important to risk management in MSIP, but
they provide useful illustrations that relate to many of the MSIP-affected factors.

Section 6 closes the Note with general policy conclusions and suggestions for future
work.
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2. RISK ASSESSMENT AND RISK MANAGEMENT"

Weapon system development is an inherently risky activity—a statement with which
many defense personnel and contractors would agree but the precise meaning of which would
be difficult to agree on. Most would concur that risky connotes that system development is
not a predicts’le process, and that the activity involves many surprises, or events with
negative outcomes. Tha: is, the word risk suggests not only unpredictability, but danger.
This definition becomes especially true when we discuss not just risk but risk management.
Those who manage risk have a distinct desire to ameliorate the negative effects associated
with the unpredictability of a weapon system development.

If we accept this view, many ways remain to define precisely what risk is. The very
unpredictable nature of risk itself, however, tends to defy further formalization. Any attempt
to be precise about what risk is tends to give up some aspect of unpredictability. It is
difficult—and perhaps even misleading—to characterize too precisely a situation about which
we are profoundly vncertain. That said, analysis benefits from precision. This section briefly
examines the view by development managers of risk, risk assessment, and risk management
and defines these concepts to order our inquiry in the sections that follow.2

A REALISTIC WAY TO THINK ABOUT RISK IN ANALYSIS

The predominant analytic definition of risk is probably that of economists and decision
theorists, which emphasizes unpredictability. For economists, risk or uncertainty exists
whenever unpredictability exists.? Rigk associated with a process increases as the range of
possible outcomes of that process increases. More formally, risk increases as the variance of
outcomes associated with the process increases. To illustrate, consider the two distributions
in Figure 2.1. The outcome of a process is represented on the horizontal axis in terms of a
single metric of performance. Subjective probability density lies on the vertical axis. Based
on this definition, distribution D1 is riskier than distribution D2 because D1 is more diffuse

1A slightly revised version of this section appears as Section 2 in Camm, 1993,
’Aﬁnrthswkmmmmmdmhvuhtthefdhmmrdmmmmy

with those broadly in private industry.
forthcoming; MacCrimmon and Wehrung, 1986; March and Shapira, 1987; andshsmn,lses
3Many economists would go further to distinguish risk from uncertainty. Risk occurs when the
Mmummwwdamwmcm
when unpredictability resuits from outcomes of a poorly understood process. A related
dilﬁmﬂonwmbouufultouhohw
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Figure 2.1—Subjective Probability Density Distributions D1 and D2 for Two Programs

than D2. D1 is riskier even though the central tendency for D1 is well above that for D2 and
would be riskier even if D1 stochastically strictly dominated D2.4

Now suppose that D1 and D2 represent the expected outcomes of two different
approaches to developing a weapon system. The metric of performance might be the
probability that a fighter aircraft prevails in a standardized air-to-air engagement with the
enemy. Viewing these alternatives, weapon system developers would agree that D2
represents the riskier approach. They would justify this position by pointing out that poor
outcomes are more likely with D2 than with D1. Going further, some might be willing to set
a minimum standard probability of success S for the aircraft and characterize rigk as the
subjective probability associated with outcomes lower than this standard. For example, if
the standard were S in Figure 2.2, which re-creates the distributions in Figure 2.1, the risk
associated with each alternative would be proportional to the shaded areas R1 and R2,
representing the subjective probabilities that the aircraft designed by each process failed to
meet the set standard.
T “Thatis, suppose that we imagine random draws from both distributions simultaneously. If we

believe that outcomes for the two distributions are correlated so that the outcome for D1 always
dominates that for D2, then D1 stochastically strictly dominates D2.
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Subjective probability density
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Figure 2.2—Risks R1 and R2 Associated with Two Weapon System Development Programs
and Occurring Below the Set Standard for Performance S

Development managers would find this view of their decision environment grossly
oversimplified. For example, such managers do not generally attempt to estimate, even
approximately, the probability of failure as defined above or to compare such estimates
across policy alternatives. Understanding this, we can still use the approach offered in
Figures 2.1 and 2.2 to provide a useful metaphor for thinking about decisionmaking in
weapon system development. Let us continue with this metaphor for a moment before
returning to the question of how precise managers’ views of risk might be.

The density functions in Figures 2.1 and 2.2 are essentially risk assessments. Risk
managers cannot effectively make such assessments independently of the policies they
intend to use to manage risk. That is, they effectively view risk management as a way to
alter the shape of the distributions shown. At any point during a development, we can think
of the manager’s suhjective beliefs about the program’s outcome. Such beliefs change
through the course of a development. If the manager expects success at a certain point in
time, he or she has adopted policies that restrict the degree of risk associated with such areas
as R1 and R2 to an acceptably low level. Some of those policies, such as an acquisition plan,

system specifications, contract, or test plan, can be established by the manager today. Some
of them cannot be made explicit in advance. The manager must expect surprises, the details
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of which cannot be known and planned for in advance. Each such surprise will presumably
alter the manager’s risk assessment and force a change in policy in some way to get risk
under control again.

Viewed in this way, risk management begins to look very much like the general
management of a development program. And, in fact, development managers draw little
distinction between the two. In a sense, the central task of a development program is to
eliminate basic uncertainties about a new design so that it can be transformed into a useful
product. Doing so takes time, introducing risks associated with the environment in which
development occurs and in which the product will be used. Development managers are quite
comfortable thinking about development in these terms, bringing risk management per se
close to their core concerns in the course of a development.

That said, risk management—or more generally, program management—for a
development is much more complex than the simple metaphor above would suggest.
Managers do not generally think in terms of subjective probability densities such as those
presented above. They think more in terms of contingencies: What would happen if this
happened? Roughly, how likely is it? What kind of trouble would it cause? What can I do
now to mitigate that trouble? What kind of resources or staff would I want then to deal with
it? This process of assessing risk, planning for it, and reacting to it is what we want to
understand better in this Note. The metaphor above helps us understand that managers
generally make such assessments by focusing on surprises that can hurt them and seeking
ways to mitigate the effects of those surprises.

A SIMPLE STRUCTURE FOR INQUIRY
Surprises come from a variety of sources. They affect a development program in many
ways. And managers have a number of tools for planning for and responding to surprises.

Sources of Risk

Managers look for surprises in two places: outside the development and within it.
First, development takes time. While it occurs, the world outside the development can
change, precipitating surprises for a development program. Most basically, changes in the
threat can affect either willingness to continue funding the program or the requirements set
for the final product. Changes in technology can affect the availability of subsystem
capabilities relied on by the development or the need for the system under development.
Changes in the economy can modify the cost of the development itself, that of the final
product, or the availability of funds to maintain the development as expected. Changes in
the Air Force testing-and-evaluation community can affect the availability of test assets. All
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these factors are essentially beyond the manager’s control. However, he or she can reduce
their effects, generally by restricting the length of a development, so that fewer opportunities
for surprises arise over the course of the development. More likely, the manager must
anticipate specific types of surprises and tailor individual responses to each type.

Second, even if the world outside the development remains stable, surprises can be
expected from within the development. Examples are development efforts that require more
time or resources than expected to reach a particular performance improvement, and certain
technical goals set in the program that turn out to be infeasible. The manager has greater
control over such factors, but can still not expect to eliminate such surprises.

Program Attributes Affected by Risk

When surprises occur, they can affect a number of program attributes. First and
foremost, they can affect the probability that the program will survive to yield a useful
product. Assuming successful program completion, they can affect the resources and time
required to complete the program; these are the “cost” and “schedule” criteria normally
associated with development. Surprises can also affect various measures of final system
“performance.” Such logistics-oriented factors as reliability, availability, maintainability,
and operating and support costs are increasingly considered important parts of system
performance. Traditional measures of system performance emphasize combat capability and
can normally be measured in a variety of ways specific to each system. Producibility and
production cost for the system round out the performance factors relevant to the manager.

As a development program is normally defined, a manager will have a hard time
meeting his or her goals on all of the above factors. To increase the probability of program
survival early in the program’s life, the manager must make the program look attractive
relative to alternative programs. Hence, the manager generally attempts to understate goals
for development cost and schedule and overstate the performance goals of the system. To the
extent that such goals are adopted as standards like those in Figures. 2.1 and 2.2—that is, a
program fails if it fails to meet all its goals—misstatement of goals actually increases the risk
associated with a program. In most cases, however, the manager must accept such risk to
reduce the risk of losing overall support for the program to a competing development
program. Managers well understand this tension between the goals of program survival and
other goals of the program; they accept it essentially as a price of entry for conducting
development activities. In the end, however, such acceptance means that the manager
cannot expect to meet his or her goals and must expect to make trade-offs in allocating
shortfalls among goals.
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When surprises occur, the manager must again make trade-offs among goals. Some
surprises will loosen constraints on the manager; an unexpectedly high performance outcome
in one area may allow the manager to reduce risk associated with performance in another
area or to hold the line on the costs or schedule of development. Negative surprises, on the
other hand, will lead a manager to spread the negative effects acroes goals. A test failure, for
example, may lead to a schedule slip and additional development work to achieve the initial
performance goal at the expense of schedule and cost goals.

How a manager makes such trade-offs should depend on the relative priorities that he
or she places on different goals, based either on guidance from higher echelons of government
overseeing the project or his or her own personal goals. We should expect these priorities to
differ from one development program to another and perhaps even to change over the course
of a development. Patterns in such trade-offs are of great interest to us.

Methods for Anticipating and Responding to Risk

A manager can use two basic approaches to plan for or react to surprises. The first
emphasizes formal documents and processes. The second approach emphasizes good people.
The first approach uses the performance specifications for a new system to set the general
level of risk for the program; more ~mbitious specifications are riskier. The approach spells
out a formal acquisition plan for the development, specifying lines of authority, the nature of
competition, or prototyping used during the development. It uses contracts and memoranda
of understanding and agreement to balance the concerns of the Air Force and other parties to
the development. It uses a master test plan to anticipate required testing assets, set
sequences of events, and respond to test failures over the course of the development.®

Broadly viewed, a development is a test program that repeatedly tests newly
developed systems, analyzes problems identified during test, and fixes them in preparation
for another test. This “test-analyze-fix,” or TAF approach applies at the macro level as a
metaphor for the program as a whole and can be applied in a more targeted, explicit way to
deal with specifically identified problems.

Formal risk assessment can be associated with any one of these activities. Formal risk
assessment works best when the processes in question are well understood and good data
exist on those processes. Hence, it is most likely to support design of selected parts of the
wrong; that o, they ca provs thet they id oveything that wvas equired of o, Wo sre Tore. ©
interestad in the way developers use such documents to anticipate risk and plan for it; that is, we are

interested in how a creative planning process can tailor documents to a development program’s needs,
not simply fulfill regulatory requirements.
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test program or of warranties included in a contract. Risks associated with the development
as a whole, as noted above, are more difficult to state in clear, quantitative terms. Formal
risk assessment is of limited use in such a setting.$

The presence of contracts among these tools raises an important point about risk.
Risk can be perceived from different perspectives. For example, although a contractor is
probably better able than the Air Force to affect surprises that arise in the day-to-day
development of a system, the Air Force is, presumably, better able than the contractor to
affect overall funding for a development program. Contracts can be written to shift the
effects of surprises toward those parties best able to mitigate their effects. Hence, the
contractor often bears much of the risk associated with unexpected cost growth during a
development, whereas the government bears the risk associated with premature termination
of a program. More generally, the Air Force as a whole is probably better able to bear the
effects of surprises than is an individual contractor. Contracts can be written to shift the
effects of surprises that cannot be mitigated to the party better able to bear such effects. In
practice, of course, even when the Air Force as a whole can bear large negative cutcomes,
officers in a SPO concerned about their futures in the Air Force probably cannot. Hence,
SPO managers may resist bearing risks best borne by the Air Force.

Once a contract is negotiated, it splits the effects of many surprises so that one party
benefits from the surprise while the other is hurt. Our approach to risk implies that one
party need not associate any risk with a surprise that imposes a substantial risk on the other
party. For example, under a fixed-price contract, the contractor bears the full risk of
unexpected cost increases while the Air Force feels no effect. On the other hand, the
contractor enjoys the full benefits of unexpectedly low costs. When costs are unexpectedly
low, the Air Force can see such a benefit as a foregone benefit for the Air Force—that is, as a
negative outcome. That is, although the fixed-price contract determines their costs, Air Force
officials may view the foregone benefit as a risk worth planning against. Such a perception
complicates our simple approach above that risk is associated only with negative outcomes.

Although formal contracts are written only between the Air Force and contractors or
between contractors, these considerations apply to many other situations in which more than
one party plays a role. A SPO typically has many relationships with other SPOs, test
facilities, other parts of the Air Force, and sometimes other services. Some of these
relationships are codified in memoranda of understanding and agreement; others rely on
established custom. In all cases, more than one perspective on the risks associated with a

SFor a further discussion of these points, see Bodilly, Camm, and Pei, 1891.
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particular surprise is possible and can affect how managers plan for and react to that
surprise.

The second basic approach to planning for and reacting to risks is quite different from
that taken above. It relies on good people rather than documents and procedures. At some
level, good people are required to negotiate and prepare documents and procedures. The
point here is that a good staff adds value beyond those functions. In fact, the primary value
of a good staff may well lie not in planning for the future but in its ability to react confidently
and creatively when things go wrong.

The importance of good people is a point that development managers emphasize
repeatedly. Contractors favor coveted development programs not just with resources, but
with their best people. The Air Force responds by allocating its best people to its highest-
priority development projects. Such practices occur in production programs as well. They
take on a special meaning in development programs because of the nature of the risks
present in those programs.

Although good planning can provide a framework for dealing with routine risks—risks
encountered in the past or risks that are fairly obvious in a new program—it cannot manage
well the totally unexpected. When the totally unexpected occurs, well-informed and timely
discretion is required to respond to the surprise. The better the staff available to do so is, the
better is the response and the less managers must rely on the blunter rules that an
acquisition plan or contract might use to manage surprise. A well-organized, competent staff
offers an additional benefit in the face of uncertainty. Because surprises bring benefits as
well as risks, the presence of a solid staff allows managers to maintain greater flexibility in a
program to exploit opportunities as they arise.

The presence of parties with different points of view, of course, complicates the use of
skilled people to respond flexibly to surprises. Each surprise offers opportunities to reopen
an agreement made earlier to change the balance achieved earlier. Among the skills in a
well-organized staff will typically be abilities to exploit such opportunities. However,
exploiting surprise to renegotiate earlier agreements can damage the basic relationship
between two parties over the long term if it happens repeatedly, ultimately leading to more
rigid arrangements designed to discourage such exploitation, even if they stifle the flexibility
that allows a program to benefit from pleasant surprises. Such exploitation is most likely to
occur when the skills of two parties are not well balanced. For example, if an inexperienced
SPO faces a contractor using a team with extensive experience working together, we can
expect trouble downstream as surprises provide opportunities for the contractor to exploit its
greater experience.
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SUMMARY

Although our primary interest lies in risk assessment and risk management in
development programs, the nature of development activities suggests that we should be
prepared to examine a fairly broad range of management activities. This is true despite our
narrow definition of risk as the presence of unpredictable events with negative consequences.
Many development managers view risk this way and see their task as general managers as
one of identifying and controlling such risk over the course of a development.

Surprises can arise outside a development program—beyond the control of those
involved in the development—or much closer to home and closer to their control. They can
affect the basic survival of a program or, assuming that it survives, the cost, achedule, and
performance associated with the program. Development managers use two different
approaches to plan for and react to surprises. They develop documents and procedures that
define both risk and the methods for reducing or redistributing it. These include system
specifications, acquisition plans, contracts, memoranda of understanding and agreement, and
test plans. And development managers develop and nurture experienced, skilled staffs.
Without such staffs, managers cannot respond adequately to the wide range of surprises that
arise. With them, they can rely less on formal documents and processes and thereby
maintain the flexibility that allows them to take advantage of new opportunities as they
arise,

In the end, then, it is difficult to distinguish risk management from general
management. In the following sections, we explore a broad range of management issues to
understand better how managers have assessed and managed risk in the F-16 MSIP.
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3. THE F-16 SYSTEM PROGRAM OFFICE AND ITS MANAGEMENT

By the time MSIP began, the F-16 SPO was a large, well-organized activity. The F-16
program began in 1971. As the SPO and General Dynamics began to plan MSIP in 1979,
they were completing full-scale development of the F-16A/B, freeing management resources
for further development work. The management techniques and experience developed
during the 1970s provided a good basis for a continuing development program. This section
describes the SPO that managed MSIP during the 1980s. It briefly reviews the changes in
that organization over time and how that change related to MSIP itself. It also examines the
continuity of leadership most relevant to MSIP.

INITIAL. ORGANIZATION
Table 3.1 shows the basic organization for the SPO when planning began for MSIP.
The SPO used a matrix organization with three project offices for production—for the U.S.

—— s e

Table 8.1
Organization of the F-18 SPO During MSIP
Organization in 1979 Organization in 1988
Office Assigned Asgigned
Symbol Directorate Name Personnel Directorate Name Personnel
YP Deputy for F-16 35 Deputy for F-16 9
Project Directorates

YPD Deployment and test 28 Development and integration 28
YPF Test and deployment 22
YPR Projects 23

YPX Multinational programs 21 Multinational programs 36

Functional Directorates

YPA Acquisition logistics 46

YPC Configuration management 35 Configuration management 28
YPE Engineering 65 Engineering 102
YPK Procurement 41 Contracting 56
YPL Logistics planning 51 Logistics 50
YPM Manufiacturing 27 Manufacturing/QA 18
YPO Management operations 19 Management operations 13
YPP Program control 55 Program control 40
P8 System safety 2

SOURCE: U.S. Air Force, Asvonautioal Systems Division, F-16 Directorate of Mansgemsnt Operations,
Historical Report,” Wright-Puatterson Air Force Bass, Ohio, January—June 1979 and July-December

1
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Air Force (YPD), for foreign sales (YPX), and for new development programs (YPR)—and
functional offices typically found in a SPO. It was commanded by a major general. The SPO
was assigned 170 people and had an additional 281 collocated, for a total of 451. Of these,
178 were officers, 22 were airmen, and 251 were civilians.

Primary planning for the MSIP occurred in the directorate for projects, YPR, which
had responsibility for integrating new subsystems with the F-16 as they became available.
Before MSIP existed, this directorate planned integration subsystem by subsystem. For
example, individual efforts were under way on the APG-68, AMRAAM, LANTIRN, head-up
display, GPS, and many other subsystems that would subsequently be associated with MSIP.
With the advent of MSIP, this directorate continued to manage subsystem integrations
individually, but MSIP allowed the directorate to do so within a broader framework. As
MSIP became active, YPR managed it as a separable entity, with its own goals and
milestones. By 1981, this management task manifested itself organizationally in a growth-
management group (YPR-1) within YPR that was responsible only for MSIP.

During the formative stages of MSIP, the directorate for projects was run by a
lieutenant colonel and dominated by military personnel—18 officers to six civilians, four of
whom were secretaries.

Offices on the fanctional side of the matrix supported the directorate for projects.
Those offices were typically directed by officers but dominated by civilians. The directorate
for engineering played a special role for the subsystems that became associated with MSIP:
Directed by a civilian, it provided the in-house technical expertise required to oversee the
integration and production incorporation of those subsystems.

ORGANIZATIONAL CHANGES DURING THE 1960s

During the 1880s, the SPO underwent a number of changes. Table 3.2 provides a
quick overview of this period, showing number of personnel assigned to the SPO as a whole
and to three directorates associated with MSIP. MSIP accounted for a significantly higher
proportion of those directorates’ management interest during the 1980s than in other
directorates.! The table shows that total staffing declined gradually until 1981, when it
stabilized and began a gradual rise. The increase continued into the mid-1980s. Budget cuts
beginning in 1987 required significant cuts that, as we shall see, affected SPO management
of MSIP activities.

1This judgment is based on a review of directorate historical reports from the period.
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Table 3.3
Assigned Personnel in the F-16 SPO

Directorate Symbol

Six-Month Date Total YPD YPE YPR
July 1978 451 28 65 23*
January 1980 442 28 7 22
June 1980 434 26 69 19*
January 1981 — missing —

June 1981 399 27 74 19*
December 1981 401 31 72 20*
June 1982 425 317 7% 212
December 1982 437 36 8 25%
June 1983 419 34 80 178
December 1983 445 41 86 212
June 1984 — missing —

December 1984 485 33+ 111 212
June 1985 473 38 106 200
December 1985 480 37 111 238
June 1986 472 40 112 20*
December 1986 478 41* 111 23
June 1987 440 36t 109 0
December 1987 414 332 102 0
June 1988 417 31 104 0
December 1988 404 28* 102 0

SOURCE: U.S. Air Force, Aeronautical Systems Division, F-16 SPO Directorate of
Management Operations, “Semiannual Historical Report,” Wright-Patterson Air Force
Base, various dates.

SMSIP activities occurred primarily in these project offices.

During this period, the first major MSIP-related organizational change occurred, in
1983. The SPO reorganized to transfer responsibility for MSIP from the directorate for
projects to a new directorate built around the old directorate of deployment and test:

As the [MSIP] program moved out of the realm of a future program and more into the
area of a production aircraft, the decision was made to move the program into a division
more adept at handling integration, testing, and deployment.?

This new directorate, which would become known as the directorate of integration and test,
effectively became the project office for the F-16C/D. A new directorate of field operations
(YPF) took on responsibility for the F-16A/B.

The old directorate of projects, now the directorate of development plans, retained
responsibility for selected subsystems relevant to MSIP, including the Alternate Fighter
Engine and GPS. It continued to oversee new technologies that might be integrated into the

3U.8, Air Force, Aeronsutical Systems Division, F-16 SPO Directorate for Development Plans,
“Semiannual Historical Report, 1 January-30 June 1983," Wright-Patterson Air Force Base, Ohio.
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F-16 through MSIP in future configurations. And it continued to oversee the development of
variations on the F-16 other than the F-16C/D. Meanwhile, the directorate of integration

and test took over responsibility for the subsystems formally configured as part of
forthcoming blocks of the F-16C/D, including the APG-68, AMRAAM, LANTIRN, HUD, and
many other subsystems. About half of the staff from the old directorate of projects moved to
the new directorate of integration and test during this reorganization, ensuring a fair degree
of continuity despite the change. Nonetheless, the change meant that subsystems relevant to
MSIP would be managed by two separate project offices within the F-16 SPO for the next
several years.

The directorate of integration and test continued to be led by the original director, a
colonel. Officers exceeded civilians, 22 to 11. A lieutenant colonel continued to lead the
directorate of development plans, where officers continued to exceed civilians, 14 to three.

The second major MSIP-related change occurred in 1987, when the directorates of
integration and test (YPD) and development plans (YPR) merged to become the directorate of
development and integration (YPD). Unlike the first change, this change resulted from a
budget cut that forced the F-16 to reduce its staffing and consolidate activities. But like the
first change, this one maintained continuity by transferring personnel with their associated
tasks from one office to another. The old YPR simply disappeared. Test activities in the
directorate of integration and test migrated to the directorate of field operations, leaving the
new YPD essentially as a program management directorate, overseeing the F-16C/D
program, integration of government-furnished subsystems associated with MSIP, and
development of new derivative engines. MSIP-related staffing in the project offices decreased
proportionately more than staffing in the SPO as a whole, requiring the managers
responsible for MSIP activities to relinquish significant responsibilities to the functional
directorates on the other side of the matrix. Since 1987, all MSIP-related activities have
been managed through the YPD office, with the continuing support of the functional
directorates.

Table 3.1 displays the structure of the SPO at an important milestone near the end of
the 1980s: General Dynamics’ delivery of the first MSIP III, Block 40 F-16C, in December
1988. When that occurred, the F-16 SPO had 404 personnel assigned, including 132 officers
and 258 civilians. Despite the predominance of civilians, officers ran all but two directorates.
One of the two was the directorate of engineering, where civilians exceeded officers, 79 to 23.
Officers continued to predominate the project directorate responsible for MSIP, the
directorate of development and integration, 21 to seven. The SPO continued to be
commanded by a major general.




CONTINUITY OF PERSONNEL

Short tours of duty tend to hamper continuity over the course of a long development
program. The predominance of military personnel in leadership positions and in the project
directorates with greatest responsibility for MSIP raises questions about continuity in the
SPO. Table 3.3 summarizes information on the principal managers relevant to MSIP.

Although the table is not complete, the data available tell a fairly clear story. Recall
from Table 3.2 that YPD did not actually become relevant to MSIP until 1983 and that YPR
disappeared after 1986. The SPC commanders appear to have served standard three-year
tours. Their deputies were also military, limiting the institutional memory developed at the
top of the organization. Perhaps the most important source of continuity at the top of the
organization has been Mr. John Brailey, the technical director for the SPO since 1983 and
the director of engineering for a short time before that.

Military managers have also run YPD and YPR, where, for the most part, they appear
to have served two- to three-year tours. Their deputies and most of their professional staffs
have also been military, suggesting that any institutional memory about activities in these

Table 3.3
Managers Relevant to MSIP
Commanders Directors
Year F-16 SPO YPD YPE YPR
1979 Abrahamson Belinne Bair Packin
1980 Abrahsmson/ Wolff Bair ?
Monahan
1981 Monahan Wolff Madden? ?
1982 Monahan Waolff/Sabo Brailey Boyd/
Westover
1983 Monahan/Yates 8abo Brailey/Culp? Westover
1984 Yates Sabo LeMaster Westover/Tucker
1985 Yates Sabo/Hayashi LeMaster Tucker/Cathey
1966 Yates/Eaglet Hayashi LeMaster Cathey
1967 Eaglet Hayashi/Hogstrom LeMaster
1988 Eaglet Hogstrom LeMaster/
Smithers
SOURCES: U.S. Air Force, Aeronautical Systems Division, assorted F-16 organization charts, Wright-

Patterson Air Force Base, Chio, ndSAFPARbrhﬁmﬁmtbopemdm
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areas would lie in the functional directorates that supported those activities. The directorate
of engineering, YPE, might be a logical place to turn for such knowledge about the technical
aspects of the development.

This final directorate, YPE, has usually been run by a civilian with a military deputy
and has used a predominantly civilian staff. The directorate of engineering achieved
considerable stability in management from 1984 on. For several years before 1984, during
the formative years of MSIP, leadership of this directorate experienced much more rapid
turnover.

As a working hypothesis, we might postulate that institutional memory in the SPO is
limited. The SPO’s leadership has stabilized in recent years, but we would have t- seek
stability in the early years of MSIP farther down in the civilian parts of the organization,
presumably on the functional side of the matrix.

SUMMARY

MSIP is only one activity among many in the mature F-16 SPO. In the face of
dramatic changes in MSIP, the SPO as a whole has fluctuated in size only about 20 percent,
sometimes in response to MSIP-related changes, more often in response to totally unrelated
factors. The SPO was already well organized and experienced as an organization by the time
MSIP began in 1979. The predominance of the military in the SPO’s leadership and in its
project offices probably hampered accumulation of knowledge about the system at a high
level. But the SPO appears to have accommodated MSIP comfortably as a new activity as
MSIP matured.

MSIP began as a development concept in the part of the SPO devoted to such work,
the directorate of projects. As MSIP matured and approached the point of being embodied in
a major new F-16 variation, the F-16C/D aircraft, the SPO reorganized to accommodate that
change. In 1983, a new project directorate was effectively set up to house the new F-16C/D.
As portions of MSIP matured enough to be incorporated in production, they came to be
managed in the new directorate. MSIP-related subsystems at a more developmental stage
remained in the directorate of developmental plans. This approach presents MSIP more ag a
concept or plan than as a formal program:; it allowed the SPO to handle individual activities
associated with MSIP much as it would have handled other, similar activities unrelated to
MSIP.

Large budget cuts in 1987 forced an end to this approach. To accommodate reductions
in staffing, the SPO reorganized again and placed all MSIP-related work in one directorate,
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where it remains today. The SPO also significantly increased its reliance on its civilian-
dominated functional directorates as a result of the change.

In sum, MSIP is one activity among many in the F-16 SPO. It has been important
enough to change the SPO as a whole. But it was conceived in and continues to operate in
the broader context of the F-16 program as a whole.
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4. F-16 DEVELOPMENT PROGRAMS DURING THE 1980s

Even after the close of the initial full-scale-development program for the F-16 in 1979,
the F-16 SPO maintained an active research-and-development program. Table 4.1 presents
the program’s spending on activities related directly to research and development. Although
the bulk of real spending occurred during the 1970s, a subst